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‘A ser1es ef experxments was performed'to j‘ .
h7effect of certa1n husbandry practxces on the behav1our and .
1h§:phys1ology of bhlls and steers. Partlcular attent1oh was- ‘;,t S
;g1ven to. cattle transport and to regroupmng unfamlllar ] ’,l'h“
hiaz_anlmals These may be sources of_pre slaughter,stress, whlch
h1n turn can lead to the condlt1on of dark cutt;pg 1n»beefu; -
» ”:licarcasses, whereln the meat 1s unacceptably'ﬂark ‘flrm and |
- Ay, o |
R . 1. The effects of soc1al regrouplng, time\of regrouping )
relat1ve to slaughter, and group 51ze were exam1ned
Regrouplng bulls six or twelve h pr1or to slaughter led tohtb‘
§?J14% or 64% dark cutt1ng respect1vely gteers treated in the“
same manner produced no dark cutters. M1x1ng 24 h o
f\;. { pre slaughter led to 74% dark cuttlng in one experlment and
T 52% in another. The effect af group size (seven vs. .
“\twenty one) was not 51gn1f1cant. Bulls marketed . 1n stable
one- pen groups showed only 2% dark cuttlng Bulls marketed
. 1nd1v1dua11y, and held;overnrght at the abatt01r: produced"
‘ hofdérk-qutterss, | .’ ' B ,‘ . | ‘
- 'Zt‘The benawioufalre;ponse to regrouping-with_‘
iuntamlllar'aninals waSvinwestigated‘in‘3? bulls_and 32
steers'kept separatelyfin.pens Of‘eight;\At‘ages circa nine,
"twelve and fifteen months,‘the cattle were regrouped wlth

-strangers. The animals were observed for nine h/day for ten

- days after;regrouplng. In both sex- castes, the m1x1ng led to

a great‘dealvof aggressive and sex*relatedabehavlour,

[
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Aggressive behav1our was 1n1t1ally much hlgher in bulls than

zn steers,“but thereafter rapxdly decreased. By the tenth

day,,there was "00\ %onger a statlstically Slgn1f1cant I

Leb

'.,dxfference between “the castes-in. rate of aggressxve

.

'behavlour. Mountlng occurred much I pequently among

" bulls than steers, and altho_»h R 3 this behaviour.
decllned too it remalned moy HELTANON, “bulls than

,steers‘ There. waq&no d1£fereﬁce between. ‘the two groups‘ﬁn \\\§§\=;

a
rate of social groomlng or 6f\fence chew1ng (' crlbbxng ).

e Overall dlfferences between bulls and steers 1ncreased w1th
\’»"y\age. S S ‘ N |
N ”3 3. The behav1our of bulls and steers 1n groups of ZQP
vas- obServed in a commerc1al feedlot. Act1v1ty was recorded
from 0600 h to 2300 h on ‘eight’ oc&asxons from January to
Aprll The most promlnent dlfference was mountlng, Whlchv

. 5
.oCCUrred only rarely among steers, but almost throughout ‘the

d amang. bulls. Bulls also did more buntlng, but steers did

more gambolllng about in’ the pena Bulls and/steers showed
“351m11ar da1ly patterns pf fende cgiwlng, eatlng and restlng.A ’

In comparison with the prev1ous,exper1ment,:1t was found

vthat'differences in.social‘behavlour were greater with '

larger group size. Moreover, the differences in’social

behaviour'between bulls“andfsteers‘may'be due in part to

steers‘ being behaV1ourally less mature than bulls.

- 47 Seven groups of six bulls and seven groups of 51x~

steers were transported separately by truck for either ten

min or two h, Before, and after trucklng, oertaln )

=ty Tl
"f'dz R

=1 i ) . fwﬁ ’
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,JkﬁfF/gg*" | L' b
~ measurements were taken: body weight, rectal temperaturen
\ . | |
S resplraLQryeraie+.serum‘ggrtlsnl+mand.aechute‘scnre+ﬂueart,ﬂwﬁ,_ ,,,,,,,

\
rate vas mon;tored telemetrlcally in one anlmal‘per group

b Except for a greater 1ncrease in resplratory rate and- chute -

there were few dnf§erences between the castes. Generally, ’

,the reactlons of the bulls and steers to trucklng were
i

slmllar and mlgor. It 1s concluded that trucklng need not be

a stressful experlence ‘to hulls, and suggested that bulls h

~and steers do not.respond-very differently to che

. ¢ their physical envitonment. e - : ‘

: - - BN

j - N

w
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PREFACE = - , R

. Ccastration is ‘an ancient pract : €Yo

In Canada, until the last few' decades, male cattle (BOS’

taurus) not intended fgr breeding purposes weredalways :

castrated' These bullocks or steers were raised andlfattened

on grass, were somet1mes used as draught anlmals, and were

~ typically slaughtered at over threék years of age. But Wlth

the enormous increase in gra1n production during this

. century, and the resulting grain surpluseera_cattie feeding

indﬁsﬁry emerged. Cattle began to be finished on a grain

- diet, and weight gains became much more rapid. Cattle raised

in this manner began to be,dand still are, rarely kept

~

beyond age'le months.

. Recently, the standard procedure of castratlng males

'has.been‘labelled "questlonable (Seideman et al. 1982) and

even "archaic" (Berg and Bwtterfleld 1976). However,

tradltlons remain strong, and male cattle are Stlll usually

" castrated as calves. The practlce is typically 1USt1fled by

B M\'\ﬁy .

reference to one or more of several alleged drawbacks»to the
husbandry of bulls (Kiley 1974). First, there are butchers'j
prejudices based-on tﬁe belief that meat from uncastratéd
males is of poorer quality. For cattle, however, there is

now.a considerable body of research demonstrating that there

eating quality (e.g. Rhodes 1969, Price 1971, Hawrysh et al.

1980). Second, it has in the past been claimed that the

performance of castrates is superior to intact males. But

E
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l;__ezidence ﬁas aeeumulated'ahowing"that"b§EEd“6n tbeJZEYlity

\

to produce lean meat, castrdt1on inhibits performante a
lower rate of ga1n (Price and Yeates 1971a), a lower feed
conversion eff\ezency,(Price and Yeates 1971b), and a h1ger

percentage of fat in the carcass at & given body weight

(Price 1971). Thit¥d, it has been suggested that castrat{on

‘1s necessary in order “to prevent unwanted matings. That risk .

may once have been: a problem, But does not need to be on the

modern well- managed farm. To opt1m1ze feedlng, separatlon of
‘males ~and females has long been considered standard
\

-practice. . Y , ‘

A
5,

Finally, it has been‘argued that castration is needed'
to. reduce behav1oura1 prob ems assoc1ated with managlng
young bulls. Bulls are alleged to be more aggre551ve and
'fmore dlfflcult to handle than’steers. Yet the effect of
non- castratlon on behav1oUr has not recelved much.attention.’
bBulls and steers are dlfferent. Steers produce no testicular
—_

androgens. Therefore, their hormone balance is altered,

which may alter'arousalvthresholds (Leshner 1978). However,

,little is known about the s'tuatidnalAcontexts'in which the
two sex-castes actually exhibit differentfbehayiours or
states‘of arousal. In other words, the problem of how, end>
under what c1rcumstances,vandrogens (or other hormones) :are
’relevant to the-behav1oural responses of farm anlmals is
Stlll poorly understood.

- The agrlcultural theme of this thesis is the husbandry

of bulls. A; my starting point I have cnosen one problem

viii
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associated with bull. husbandry: the. condition reterred to as -
“dark~cutt1ng beef", Though its. effect is for the most pnrt

,only cosmetic. dark- cutting beef is an economicelly

"important phenomenon. ﬁark-cutting carcasses are darhet bhln e
‘the brxght red colour preferred by supermarket 8hoppers,-andi

. are therefore -not- worth the top price. Bulls are !
particularly 1;kely to dark+cut, andvbecause of thett/;
farmer may lose noney marketingrbulls: Although_thehdark
colour can be'explained metabolically, the effect is*thought
to be’iargely the reSUit of certain stressful experiences
the animals have had prio to slaughter. To understand those
experlences, it is necessary to understand the behav1our of
bulls and how it differs from the behav1our of castrates.

s More spec1f1cally, it means understandmg how bulls respond’
:to the typical handl:ng, housing-and general management that
heef cattle are exposed to wh{le they're growing angd |
espec1ally durlng the time 1mmed1ately before slaughter.
| Therefore, my objectives .in this. study have been:

1. to investigate the occurrence of'the dark-cutting
phenomenon in cattle (espec1a11y bulls) and to determlne
what husbandry condltlons predlspose cattle to dark- }ut, and

2. to determine how bulls and castrates respond
hehaviourally to those husbandry conditions. |

My presupposition has been that there are two sets of
crrcumstances (broadly defined) that}are_potentially

 stressful, and that may affect bulls and castrates

differently:

ix .



1, disruption of their social cnvtronmantx ‘'unacquainted
: cattle are ofton brauqht tpglp&nr oithor at some time during
‘thcir stay in tho feedlot, or’ du?ing the mnrketing procell.

‘ 2. diurupzion ct thtir phynicul environment: marketing
cattle usuully means transport by truck or rail to a public
stockyards or directly to an abattoxr._The animals are ,
 removed from tbe environment they know, tq one they don't
know. B

New;esé tends to be alarming to animals. The1r

‘awareéness and vigilance become helghtened (Gelst 1978). How

bulls and castrates respond to each of these 51tuat1ons w111 "

determine the degree Stemotional trauma felt by the animal.

I have studied each situation separately.
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1. INVESTIGATIONS OF DARR-CUTTING |IN' BEEF CATTLE

INTRODUCTION
"

o In 1979 a questlonnalre was sent to enior scientists

o 1n meat research 1aborator1es 1n n1neteen buntrles (Tarrant

: 1981). The questlonnalre dealt w1th the phe omenon of -
'darck- cuttlng -1n the beef 1ndustry, a cond1 ion whereln
-beef carcasses are unacceptably dark, flrm, Fnd dry In the
1979 survey,!estlmates of the 1nc1dence of dark cuttlng

. Varled 1—5% for steers: and helfers,,6—10% for cows, and

‘11—15% for young bulls It was.a condltlon that occurred in

’ : - —

‘-.all countrles surveyed

‘ Generally, the cond1t10n is thought to be’ caused by

stress 8 -48 hours before slaughter (LeW1s et al. 1962) such

<. as from deprlvatlon oﬁ food or water, sudden changes 1n"

ftemperature, phy51cal exhaustlon or emotlonal trauma.
Blochemlcally,_the changes 1n the meat whlch cause.' |
_Cdark cuttlng are known and understood (Lawrle 1974 Hood and
iTarrant 1981) Secretlon of the hormone adrenalin whlch |
occurs durlng stress, beglns a chaln of reactlons which
ultlmately results 1n the product1on of ‘a less ac1d meat Lot
than normal wh1ch is darker,.st1ck1er and probably does not
'keep as well as normal meat. However, there is evidence that
dark cuttlng beef may be more tender than normal and
consumer panel tests suggest that eatlng quallty

_character1st1cs are probably unaffected (Hawrysh et al.

-'1983); Desplteithls, dark-cutting w1ll.automat1cally alter

: &
2



the grade of'a-beef carcass in Canada; since dark-cutters
lcannot grade A (the grade wh1ch/ﬁurrently attracts the
highest price). Bull carcasses are partlcularly likely to
dark cut {(Duchesne 1978).

;I» this chapter, three experiments:are dieeussed. Each
deals with a faceteog pqe—slaughtet management”ehd its .

influence on the freguency of.dark—cutting beef.‘Experiment

L -

1 focuses on the central problem of regrouping unacqualnted
bulls; Establishing new social relationships may be -an \.
emotienallyjstressful expetlehce. InlExperiment 2, bulls»are
compafed to steers,'and each is‘evaluated undef two
management optlons. regrouplng the evenlng before slaughter
(at a time of day when cattle.atre normally qu1et) and’
regrouping tbe mornlng_og'slaughter. Expetlment 3 eiamines
anotbet managément.strategy{ a penning arrangement that
makes ese of a high perimeter:area ratio in.the holdiné pen
.thtry to rédUce‘the“numbef'ef agonistic intetaCtionssend

hopefully, the‘egcurrence vadark—cutting. Lo - )

A, EXPERIMENT 1 AGONISTIC INTERACTIONS AMONG UNACQUAINTED
BULLS AS A CAUSE OF DARK-CUTTING BEEF
‘In‘order'to reduce the 1nc1dence of dark*cuttidg'beef,
signigicant pre—slaughter stressets must be kept to a
minimum. Soc1al stressors may be 1mportant contrlbutors to
the overall stress resonse of tbe an1malst And at least two

sets of c1rcumstances surroundlng the trucking and holdlng

'of bulls prlor to slaughter may lead to social stress-



‘ markefing bulls in large gréupings, or markeﬁing Sulls in
groups of individuals unacquainted with one another.
Therefore, the purpose of this.exﬁe:iment was to investigaéé
thé éffects of ‘group size and of socia} regrou?ing"on the
incidence of dérk-cdtting. S

MATERIALS AND METHODS - ‘ , - B

The experimental animals wé;e 124 cross—bred'yearling
bulls borﬁ and raised at The Uniyérsity of Alberta.Ranch,
Kinsella, Alberta. Of‘these, 112 bulls gere randomiy
distribﬁted,'at about twelve months of age, to ten pens of
seven bulls each gnd two pens of 21 bulls each. The stdcking
density was similar in each-pén. The bulls remained in these

allotment for 12-14 weeks until consigned to the abattoir.
A J :

The bulls were marketed in eight shipments over -a four wveek ..

-

period. The animals Qere sent in eitherbsmall groups (seven
bulls) or larger grqups (21 bulls), and as unmixed groups
(#11 bulls from the same pen) or as mixed groups (bulls |
prought toggther from several pens). The schehe, shown in-‘
Figure I.1, achiéved a fully réplicatedlZ X 2\comparison of
marketing in largé versus small and mixed‘versﬁé'unmixed
groups.

Each lotAqf bulls was trucked éo the abattoir the
morhing'Beforé slaughter. Transporf from Kinsella to )
Edmonton (tWo>hours over a disﬁahée 6f 160 km) was done by

commercial trucker. In order to see how the animals behaved

during the trucking, I rode in the back of the truck with

R



: the“cattle. But because it was not possible to see all the
bulls in this crowded situaiien, only general note on their 
owerall behaviour were recorded. |

At the abattoir the bulls- were held overhight without
feed. or wafer in a 7. W x 8.2 ﬁ.pen before slaUghtef;\
VDuring that time, 1 observed the bulls for two hours
'1mmed1ate1y after arr1val in the late‘mornlng, for one hour
during the afternoon, again during the early evenlng, and
for a final one hour perlod before slaughter the ‘next
mornlng The number of bunts (where the head of one bull
made contact with any part of the body of ancther), and*
mounts was recorded for 30 minutes durlng each of the four
‘observatlon perlods. Of the: remalnlng twelve bulls, seven
-were 1nd1v1dually shlpped to the packlng plant-at weekly
intervals and were penned alone overnzght before slaughter.
Five bulls-were left-overs, and were included simply‘te
"ensure“that the last of the individually shipbed hu115'yas
not penned by itselfvdurihg the final week at the>University'
Ranch, | | | . |

Following slaughter ane overnight cooling, the
carcasses were colour rated 'bright' or 'dark' by
Agrlculture ‘Canada Graders. The percentage of animals graded
'dark' per shipment was transfdrmed using the arc sin
transformation. The datagwere analyzed using anaiysis of
varianee.‘Sources of'variation were mixing (1 df) and size

of greup (1 af). | . -



Figure I.1. Experimental marketing scheme: Lots consisted of

.

either 7 or 21 bulls from a single pen (friends) or

regrouped from several pens (strangers) as illuétrated.

N
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RESULTS AND DISCUSSIOH

Bulls in the mixed gr0ups remazned actxve during the
entlre g*hour trip from the ranch to the pack1ng plant.
Mount1ng and f:ghting behavxour occurred tegularly. The
pattern continued during overnight penning ‘at the abattoir.
Th1s 1sleontrary to 1nfor$atxon on pigs (Sus scrofa) in |
mixed shipments which have been found to settle down after
being held for about an hour at tne abattoir (Moss 1978).
,Bulls‘in unmixed shipments were much nor% calm during'
trucking. Most stood still for-the entipé trip, and seemed
te position themselves such.that the; were not oriented face
todface. At the abattoir,/ﬁblls in mixed shipments engaged
in more buntingfand ﬁounting tnen those shipped in unmixed
gtoPpings (Table I.1).

3

The observed differences in behaviour between mixed and

7

unmixed groups Foincided with mejor-diffefenceS‘in-the ’
-boccurrence of dark- cuttlng Bulls from the mixed groups
' showed a 51gn1f1cantly hlgher incidence of: dark cutting than
the unmixed bulls (Table 1.2). Lead 51;e, whether seven or
,-21 bulls, had no important effect. There was no dark-cutting
among bulls shipped 1ndlv1dua11y. _ | )

P

The lack of dark- cuttlng in the unml&ed loads could be
4

- a result of elther the absence of agonlstlc encounters or

the presence of a group of 'friends' shielding each bull"

from the potent1al stress of an unfam111ar emv1ronment The

,ﬂéesults from  the seven 1nd1v1dual bulls suggest that they

were 11ttle d1sturbed by the strange environment per ‘se.

o
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drawn from several! pens (mixed) or single pens
(unmixed) .

sessions while bulls were held at an abbatoir.

:

Tab¥{L£.1.Mean number of bunts and mounts per
dyad for bulls in large (235 or*smhll (7) qroups

Recorded during four 30 mgn obterv:tioﬂ -

(meanzSE)
LARGE LOADS SMALL «LOADS
(21 bulls) (7 bulls)
. MIXED
Mount 0.31+.04 1.53%.31
Bunt 0.47+.02 1.90t.15
UNMIXED
Mount 0.03%.01 0 0.13+.04
Bunt 0.05£.01 0.23+.06

-,
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Table I. 2 The 1nc1dence of dark cuttlng among the
carcasses of young bulls shlpped in 1arge groups
(21) or smalf}groups (7) or 1nd1v1dually,

o

and taken elther from igveral pens (mlxed) or

51ngle pens (unmlxed) 1n1the feedlot

s

LARGE. SMALL INDIVIDUALLY

.LOADS ~ ° = LOADS - SHIPPED

“, MIXED o
. . ; i J |
Number ')‘f 42 | . 4 =
- Dark Cutters 29 (69%) 12 (86%)
Number o 42 t - L I ."; . 1.

Dark Cutters 1 (2%) 0 (O%), _‘.VO:(O%)'

Effect 6f Group Size p>0.05 -

 Effect of Mixing ~ p<0.01

g
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'Therefore I suggest that the presence of strange bulls

caused the ma]or trauma in sh1pp1ng and holdlng, rather than"

the - absence of famlllar bulls or'the novelty of ‘the. truck or

the paeklng plant env1ronment Mixing bulls before slaughter

is thus a prlmary cause of dark cutting result1ng preSumably

vfrom both psycholog;cal and physlologlcal stressors.'

o) : . :
»B EXPERIMENT 2. THE EFFECT OF CASTRATION AND TIME OF MIXING

-ON THE INCIDENCE OF DARK CUTTING IN BEEF CATTLE
In Experlment 1'1t was establlshed that m1x1ng yearllng b
bulls 24 h before slaughter led to a large increase 1n”the”
1nc1dence of dark- cuttlng carcasses. So m1x1ng strange
anlmals should be av01ded But regrouplng may at tlmesjbe

unav01dable. Therefore, it would be advantageous 1f

- regrouplng could be done in such a way ‘that aggre551ve

behav1our would- be less severe. -One strategy would be 51mply

to regroup the catt;e for shorter perlods of tlme before

‘slaughter. Another strategy would be to take advantage of

‘the normal c1rcad1an cycle of act1v1ty shown by cattle. It

has been found that steers (Hughes and Re1d 1951), -and bulls

and: steers (Chrlstopherson 1973) in feedlots are much less

act1ve durlng late evenlng and early mornlng than at other

times. For marketlng'purposes, can the mixing be- done more

1

safely late in the evening when the animals are normally

settllng down for the n1ght? 1f the anlmals are allowed to

get used to each other durln%gb perlod of typlcally low

act1v1ty, the flghtlng wh1ch presumably leads to

%



11
'dark-cutting may be reduced. Is. this management'strategy‘an

improvement over'siMply mixing the cattlenthefday of

slaughter?

w@ -

" . MATERIALS AND METHODS

The experlmental anlmals were 28 bulls and 28 steers
(castrated at approx1mately two months of age). All cattle
were. mlxed breeﬁ ‘born and ralsed at The Unlver51ty of
’ Alberta Ranch,*Klnsella, Alberta. At the time of the
'experiment, July'1982;»the animals were 15-16 months.old.
Both bdﬁls and steers had'been‘pennedrin the feedlot in
-groups of aaght since weanlng at age 5-6 months. (one animal
'from each of theSe pens was leﬁ} out of the’ study) Durlng
that time they had been fed, ad llbltum, a hlgh energy dlet
‘con51st1ng ma1n1y of barley and oats..The sex-— castes were
/kept separate throughout the experlment., ‘
| Before being shipped to the packlng plant the animals
from,d1fferent pens were recomblned into lots of.seven in
~such a way that they met either f1ve or six strangers with
“which they had not 1nteracted for six months. Half the-
anlmals were regrouped at 2300 h (12 hours before ‘
| slaughter); the others were regrouped at 0500 h (6 hours
before slaughter) ThlS arrangement achleved a fully
repllcated 2 X 2 comparlson of m1x1ng the nlght before
versus the mornlng of slaughter and bulls versus steers The
.cattle‘weretmarketed in two shipments of four\lots:each, at

one wéek intervals. Transport for the 160 km trip from
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Rinsella_to‘an Edmonton,abattoirnwasbdone‘by commercial -
'trUcker. Qattle were slaughtered within'onefhour of arrdval‘
at the plant. i | | |

5 Followlng slaughter and: overnlght Chllllng, ther . .
carcasses_were rated brlghtﬂ, or ‘dark' by.Agrlculture

‘Canada Graders.

RESULTS AND DISCUSSION |
ThlS experlment revealed a fundamental dlfference 1n

vthe suscept1b111ty of bulls and steers t0°the dark- cuttlng U
condltlon.-Dark—cuttlng occurred only among the bulls (Table
I. ;3 Regrouplng the bulls at night - (12 h before slaughter)
'was not a successful strategy in reduc1ng the 1nc1dence of_
“dark cuttlng And 1t seems that m1x1ng bulls as little as 6
h before slaughter can still result in some dark cuttlng

| among bulls.‘On the other hand, regrouplng steers even 12 h'
.~ before slaughter d1d not 1nduce any dark cutt1ng. “The |
‘.results of this experlment give 11ttle reason to th1nk°that
there is any benef1c1al effect from regrouping- bulls at
nlght. The incidence of dark—cuttlng 564%) approaches.thet |
level'achieved when.bulls were mixed 24‘h orior t0‘slaughter
'(73%) (results of: Experlment 1. ‘_ | ”. ' _
- It should be noted that- at latltude 53° N in July, 2300
h is only dusk and 0500 h is sllghtly-after~dawn. Because '
of the'long perlod of daylight the catt1e~may have been
more actlve than they would have, - for example in w1nter

when both 2300 h and 0500 h fall durlng darkngss.
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Table I.3. The ihcidehde‘ofkdarﬁ;cutting“among bulls
and steeis.'Trégf_ouped twelve hours:’c‘)r six hours
befbre‘gléughtér. , o
| RengU§ed at Reqrouped in
"n&ght 12 hours ~  morning 6 hours
before slaughtef ~ before slaughter
R
BULLS ~ °
No. of énimaIS<  4 f’i$\f h\fTi
ﬁark—cutters | '9 o b', : 2
- (62.3%) - (14.3%)
STEERS
No., of animals 14 4k}< 14
Dark-cutters 0 o 0
| %) . (o%)
: N
s
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c. Expanm:-:wr. 3. "PERIMETER EFFECT" pawmc ARRANGEMENT AND
- THE INCIDENCE OF DARK-CUTTING o v |

In Experlment 2 1t was establlshedkthat evenlng\mlxlng
’.(12 hours before«slaughter) was not a successtul strategy tol‘
reduce;the occurrencelof/dark cuttlng‘1n bulls, compared to
,mere%y miiing the;animals:the'morning,of slaughter, ln fact;.
'm1x1ng 12 h before slaughter (even at - night)‘fs‘almost as‘
harmful as m1x1ng 24 h before slaughter (results of
Experlment 1). It was, also found that steers d1d not exh1b1tj

any. dark cuttlng even when allowed to 1nteract w1th

strangers for 12 h before slaughte A 51mple solutlon for~
T

uibulls seems to be never. mixing str‘nge cattle 1mmed1ate1y

before slaughter. ‘But. regrouplng catt before slaughter is -
often unavoidable. Bulls are often regrOLped at the feedlot
;.based on estlmated carcass flnlSh or, 1f small lots of‘9
:cattle are trucked to an abatt01r, cattle from dlfferenb\
‘»farms may be penned together overnlght prlor to slaughter,l'
‘_or:rn extreme cases, for as long a- weekend ." ,'?'

Can ;he behav1our of cattle, spec1f1cally bulls, be
controlled so as to reduce the stressfulness of meetlng
'unfamlllar an1mals7 Tranqu1llzers (Vened1ktova et al 1977)
and ant1-androgen substances (Andreae et al. 1981) have‘t
not been successful in reduc1ng aggre551ve behaviour among
unacqualnted bulls. In any case, such treatment would not be
possible in anlmals bound for slaughter nor, fea51ble on a"
large commerc1al»scale. However, penn;ng.arrangements may
provide a commercially:feasible,,non—bharmacological.way of

|

|

A
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‘vmodlfylng the 5001al behav1our of cattle. Strlcklln (1975)
tspeculated that the perlmeter of a pen, the fencellne, is
l attractlve to anlmals and glves a feellng of securlty and
extra space. It 1s 1argely on thls ba51s that he recommends

,trlangular pens for houslng cattle, because trlangles have a

‘*A"greater perlmeter area ratlo ‘than squares. Long narrov. pens

4also prov1de a hlgher perlmeter area ratlo, and Kllgour

" (1976) reported that some New Zealand farmers use narrow,
‘,oblong yards to house bulls.‘Supposedly, this decreases the
.frequency of undes1rable social behav1our Grandln (1979) .
held 17 4- H steers (unfamlllar w1th each other) overnlght in-
a narrow pen before slaughter. There-was no-dark cuttlng
'among these anlmals. But ne1ther was there a control to
lwhlch\the narrow—penned' steers could be compared

The purpose of thlS experlment ‘was to find’ out whether

a pennlng arran;ement that 1ncreased the amount of perlmeter'd
space and that prov1ded a partial barrler for.subordlnate
anlmals, ‘could, lower the frequency of agon1st1c 1nteract10ns

'and reduce the 1nc1dence of dark cuttlng carcasses.

MATERIALS AND METHODS

Again, the eXperimental animals were crossbred beef
bulls born and raised at"the Unlversitw of Alberta Ranch,
" Kinsella, Alberta. Forty 51x bulls, aged from 15—17 months
were used. .The anlmals were marketed 1n three shlpments' two

lots of 16 bulls each and qﬂe of 14. On the~morn1ng of

wshlpplng, bulls from elght different pens were comb1hed for
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;trucking to the pack%ngaplant. As‘in the previous
experihents, tranaport'was done by comme;cial_tfucker.'Af
fpe plant, the bulla were held overnight before slaughter
tnewnext~morning. Half:of the bulls wefe~kept in a nofmal
receangulaf pen.(pgrimeter: 26.8 m, area:-45;0 m’);,?hé
‘remaining bulls were held in an area made up of two smaller
pens, with a gate left open between them. These pens had a
.larger'perimeter:area ratio (peqimeter: 37.8 m, area: 46.5
. m?), thch was intended‘to make it easier for the bulls to
maintain individual dlstance (Hedlger 1964) by taking
advantage of the phenomenon of per1meter effect (Strlcklln
’1975). About two m of fence formed a partial barrier w1th;n;
the 1ong narrow pen (actually two pens comblned) It was
'thought that thlS mlght also provide an opportunlty for some
bulls thhlde from‘others. The number ‘of bunts and mounts
were fecofded‘during 30'minUtef§eriOds after arrival at the
plant and before slaughtef the next mofning; Twenty-four
hours after slaughter,‘thé carcasses weﬁe graded by
" Agrlculture Canada Graders, and the pH of the rib-eye muscle
of the r1ggt hlndquarter was measured by personnel from the
Dept. of Foods and Nutrition, Unlver51ty of Alberta.
Differences in the frequency of mountlng and buntlng
vere tested by the Mann—Whitney U Test (Hull and Nie 1981).
.The distribution of dark cutters was analyzed by the
'chi-square'test.of;independence; and pH differences were
analyied.bydthe Student's T-test (Nie et al. 1975)

g
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RESULTS | ‘

‘The experimental'pennieﬁ procedure did hot
.significantly reduce the frequencf of agonistic or sexual-
behaviour within the group (Table 1.4). And there was no
.obvious s1gn that bulls stayed close to the fenceline as an
_attempt to av01d 1nteract1ng However, the somewhat lower
mean rates of .these behav1ours among the experlmentally
pennedvbulls may be blologlcally real, and may have been
statistically significant if greater‘numbers'of animals had
been tested. Table‘I;S shows that’there Qas no signi£icant
difference in the ogcurrence of dark-cutting carcasses or in
the 24 h poSt-mortem carcassrpH berweenfthe control group
“held in square pens, ana the experfmental groups held in
pens with more perlmeter space. The greater amount of
perimeter fence space produced no 1dent1£1able effect on the

incidence of dark-cutting.

D. GENERAL DISCUSSION

All three experlments suggest a certain unav01dab111ty.
of aggre551ve behaviour among unacqualnted bulls, and of a
consequently hlgher occurrence of dark-cutting carcasses.
Strategies that vere used to reduce the,frequency of
dark-cutting (late night regroupiqg,'”perimeter effect'
penning) ﬁere not sﬁccessful. The imperatives of social
‘behaviour exerted their effect. And to the social upheaval
of regrouping was added the drastic change in physical

environment from feedlot to’ truck to abattoir. Both of these



Table 1.4. Mean number of bunts and mounts pet pen of
bulls held in either a sguare pen or a long-narrow
pen. Based on two 30 min observation.périods while

bulls were held overnight at an’abattoir.-

18

? Mount | Bunt
‘Square | 42.843.2 44.9$2.7
Pen
.Long-narrow '36.8%4.6 38.8+3.8
Pen ‘

p=0.191% ' p=0.177%

*+ Mann-Whitney U Test (Hull and Nie 1981)

T
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Table 1.5. Incidence of dark-cutting, and 24 h
post-mortem pH, in bulls held overnight in either
‘a square pen or in a long narrow pen with a'greater.'

perimeter:area ratio.

VSquare ‘ .Long-narrow
Pen S Pen ‘
Number . gl 23 23
Dark-cutters ** 13 (57%) ©11 (48%)
pH (MeanS.E.) * 6.090.99 5.99:0.88

* ¥ chi—square=0.087i df=1, p=0.77

x+  t=0.72, df=42, p=0.48

&a
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potentiaily stressful changes may be involved in all the
experiments: the agonistic interactions among the bulls and

the moving of the bulls into an unfamlllar env1ronment. In

the mixed groups of bulls either or both of these stressorsl

could ‘have caused the high. 1nc1dence of dark cutt1ng.
Regrouplng bulls leads to a greatly 1ncreased level of

agonlstlc behav1our and these 1nteractlons in addztlon to
belng-stressful-(McCready, 1980), may lead to fatlgue; As
Hedrick (1965) p01nted out, exhaustlng exerc1se has the

1mmed1ate effect of reduc1ng muscle glycogen. So the
'severlty of “the - stress ‘due to forced 1nteractlon is probably
" a reeult of the combrnétion of_agute psychologlcal-trauma.

and physical exhaustion. Louch and Higginbotham (1967},

using mice; found that the'psychologiCal stress of defeat <

Pfter flghtlng was important in e11c1t1ng adrenocortical

i activity. Brain (1971) who also worked with m1ce, reported
7

that defeated mlce showed an 1ncreased adrenocortlcal
act1V1ty not ev1dent in v1ctorlous anlmals. And Bronson and
Eleftheriou (1965) found that mice -that had preylously e
exgerienced defeat had evgreater‘adrenal response to the
presence of'aktrained‘fighting mouse than did'mice witnout
sucn eiperience. ' | |
Assdmingdthat these psycho—thsiological mechanisms
applyvto cattle, we are led to believe t at- socially
'subo;dinate'animals may suffer the most'/nd therefore be
fmoet'ldkely to dark cut. Grandin_(1978), working witn

steers, found that dark-cutters tended to be the.very heavy

X
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and the very liéhtﬁanfﬁals. One possible explanation is that

both very high and low ranking animals engage in a

dlsproport1onately hlgh number of" agonlstlc 1nteractlons

~during the 24 h followlng regrouping. Among hxgh ranklng

‘animals wh1ch are predominantly winners 1n flghtxng

encounter the emotional trauma of regrouplng may be less
than/;;ong those animals that lose. ’

Hucklebrldge 'and Nowell (1974) reported that adrenalln
release was stlmulated in mlce under certain c1rcumstances
such as actual fighting, but not by more general

psychologlcal" stimuli. ThlS may account for the absence of

dark cutting among 1nd1v1dual and non- mlxed shlpments. With

‘AtheSe animals, only the emotlonal/phy51cal trauma of

fighting and otherwise interacting with unfamiliar bulls was
removed. |

It is'likély that introduction into a totally foreign
environment results in at least an elevated state of arousal

(Taylor 1978). And it has been suggested that merely seeing

.strange or unfamiliar animals results in stress to ﬁattle

(McCready 1980). Yet on the basis of my results it seems
that the so called psychological -stressors of transport and

confinement in‘% foreign environment (the packing plant) are
//

not suff;cient to ‘induce- dark-cutting in young bulls. The
physicel exercise and/or psychological trauma of agonistic
encounters seems to be necessary.

| The lehgth of time that vigorous aggressive and sexual

behaviour must take place before dark-cutting will be seen

.
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post-mortem is a function of energy stores (glycogen) amd

rate of energy use, But even in the absence of truly

o

exhausting exercise, dark-cutting can occur (see Appendix 1
. el

for furfher explanation of the metabolic processes
#]volved), and eviderice is now appearing which suggests that
this'may be due to an inability to use other énergy stores

(e.g. free fatty acids), thereby accelerating glycogen

depletion in liver and muscle (Lister and Spencer-.1981). Why

this may happen in psychologically stressed animals is not
known. Nevertheless, the data from the second experiment

performed here demonstrates that just 6 hours‘éf presumably

‘stressful social interaction is enough to give a higher rate

of dark-cutting in bulls. It is also clear that steers are
different from bulls in this respect. Just how they are

different (behaviourally) is not clear, but that issue is

-explored more fully in the next chapters.



'11. EFFECT OF REGROUPING ON THE INTERACTIONS OF YOUNG BULLS

'AND STEERS ;ﬁh

INTﬁODUCTION

Good husbandry is essentlal to profltable productlon..v

And good husbandry of any llvestock 1nclud1ng bulls,
»'requ1res a sound knowledge of thelr behav1our. In the
'preV1ous chapter, 1t was shown that proper management of
.bulls was cr1t1cal to the prevent1on of the dark- cuttlng
vrcondltlon.'Ev1dence was glven that ihe behav1oural
'1nteract10ns of unacqualnted builédwere largely respon51ble
for the dark-cuttlng Steers d1d not produce dark- cutters as
‘ireadily as did bulls, which may mean~that steers do not
behave‘like bulls. Although 1nformatlon on the general
behav1our of bulls has been avallable for some t1me (see
JSambraus 1979), data comparlng the behav1our of bulls and
steers are rare,dand‘have only recently become avallable
Chrlstopherson (1973) observed yearllng bulls and steers in.
groups of 51x~or seven. He estimated that steers spent only
one third as much time bunting and mounting as bulls. In
Australia, mixed sex herds of bulls and steers on pasture
‘were studied, and it was reported that behavioural
differences between.bulls and steers were significant only
after age 14 months (Hinch et al. -1983). However these cases

dealt with well-established groups of cattle where animals

were familiar with each other.’
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One common . management tool is to regroup llvestock to

0
(‘ll’&

m1nrmlze under .and overstocklng in the pens, or prlor to
_ slauggter on the ba51s of" estlmated carcass flhlsh But as'
was shown in the prev1ous chapter, m1x1ng bulls whlcw are
4unfam111ar w1th each other led to a high. 1nc1dence of the;
dark cuttlng cond1t1on in carcasses (see also Pr1ce and
Tennessen 1981). Regrouplng anlmals unfamiliar w1th each
pother presumably results in soc1al stress which may in turn
.be the prlme agent that 1nduces dark cuttlng How bulls and
castrates dlffer 1n their response to regrouplng may be a'
clue to why the dark cuttlng condltlon is more common among
- bulls than among steers. Thls study was designed to"

1nvestlgate the effect of regrouplng on the frequency of

various 1nteractlons among: bulls" and steers.

‘MATERIALS AND METHODS
Sixty-four male calves born at The Unlver51ty of
, Alberta Ranch at Kinsella were d1v1ded 1nto two groups .

balanced with respect to breed of dam and breed of sire.

Calves in one.group wvere castrated at age seven to ten o

.weeks.'The'32 bull and 32 steer calves vere randomly
vassigned into pairs suchzthat there,Were_16 palrs w1thin
each sex—caste. Each pair of calvesvremained together .as one
unit throughout ‘the experlment After weaning, at age 20 to
23 weeks palrs of bull and steer calves were assigned to

.

one of elght 6. 15m X 9.1m pens. Each ‘pen held elght anlmals

e " 2
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(four palrs of animals per pen) bulls and steers were

[ -
e

housed in separate pens.lThroughout the post—weanlng peripd/c/
the anlmals were fed ad 11b1tum, a hlgh energy, low roughage ’
ydlet cons1st1ng prlmarlly of oats. ‘

‘At ages/Slrga«Qﬂ 12 and 15- months (January{'April, July
'_1982) the pairs of calves were regrouped into new
-vcomblnatlons. The regrouplng was done is such a way that

each pair of anlmals met three unfamlllar palrs. That is, at‘

each m1x1ng every ‘animal met six strangers. For 10

T /

-~ e

consecutlve days after ‘regrouping, each of the elght pens
was observed for 22 5 mlnutes three tlmes per day: morning
(0900—1200 h), afternoon (1300-1600 h) and evenlng

(1800—2100,h), for a total of n1ne observatlon h per day. :

. Behaviours, all occurrences of which were recorded, are

L.

. summanlzed in Table II.1. See also Plates'II'1 to I1.4, The

'cumulatlve number. of mlnutes spent fighting durlng each

’ observatlon perlod was - recorded and at the beg1nn1ng of | CS:;:TZ

each observatlon perlod the number of anlmals standlng up

- -

and lylng down was’ recorded Observatlons were made from a

p'parked truck. Amblent temperature was recorded at the

beglnnlng of each observatlon perlod e

| After the completlon of the study, a blood sample (v1a
the . jugular ve1n) was collé;ted from each anlmal ) |
‘C1rculat1ng levels of thyroid horméggs (thyrox1ne and

'tr1lodothyron1ne) whlch may be useful 1ndeces of general

metabollc act1v1ty (Archer 1979)r\were assayed After the

;tanlmals were slaughtered, adrenal glands were collected and
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'_welghed Adrenal welght has been used as an. 1ndex of soc1a1
_stress in mlce (Archer 1969). .

' The average - frequency of varlous behav1ours among
‘f_age sex groups were analyzed by least squares analys1s of
varlance. Ch1 square tests were used to compare the |

dlstrlbutlon of behav1ours, and correlatlon analyses were

used to examlne the relation between amblent temperature and

F1nally, d1scr1m1nant functlon analy51s (Nie et
al. 1975) was used to separate age and sex- caste components

of aggressive and sexual behaviour.

%?SULTS AND DISCUSSION‘ |
Both bulls and steers fought when 1ntroduced to animals.

, w1th which they were not familiar. But at all ages, bulls
performed more aggre551ve acts and spent more time flghtlng
than did steers (Table: II 2 and 11.3). For both bulls and’
steers, thé average tlme spent flghtlng durlng observatlon
'perlods decreased from a high at age nine months, but the
overall frequency of aggre551ve contests peaked at twelveb
’months{ The average durat1on of each, contest was\therefore
con51derably less at twelve months than at nine. Behav1our
change across ages may also be 1nfluenced by the anlmals
‘previous experlences with m1x1ng Average amblent
temperatures during the se551ons were: January -16 6+0.4 °C,

Apr1l S. 7+0 3 °C, July 20.3%#0.3 °C. H1gh amblent temperature

in July may ‘have accounted for the decreased flghtlng

behaviour at age 15 months. A negatlve correlatlon (across




Plate II.1. One bull is~resting itsAchin,on_the hips Qf‘
anothey. This behaviour pftéh precedes ﬁoﬁnting.-
) . “ . : : . . . .

s

we ('
- /,/ ’
: . : . . : i
\  Plate II.2. Flehmen, or lip—curl respbnse‘peffd;med by.pqe‘A"
buil after licking'the-urinéiof another.
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Plate II.3. Headbunt performedAby‘two bulls.

!

Pléte I1I.4. Mounting of one bull by another.
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all ages) was found between amount of time Spent.tggbting N
and ambient température for both bulls and steers (r=-0,33
and r=-0,29 respectively, p<0.01). | |

‘ Figures I1.1, 11.2 and II.3 show-the reduction in
aggregéive behaviours at about 9, 12, and 15 months of age,
over the ten day period after regrouping. At all ages bulls
.were more aggressive than steers. The initial level of
aggressive behavioﬁr of bulls was in all cases at lgast
twice that of the steers., But during the succeeding days the
number of aggressive acts_fluctuated, particularly émong the
bulls. Some of thé'fluctuation hay have been due to
short-term fatigue. Yet ovef the entire ten day period,
there was a decrease in aggressive behaviour in both groﬁps,
and by the last two dayskthere was no statistically |
significant‘difference in the rate of occurrence of.
agg;essiVe behaviours‘between the bulis and steers.

The rate of sexual behaviour decreased after |
regrouping, yet bulls maintained a much higher level of
mounting than did the steers (Figures‘IIu4,'II.5 and I11.6).
It is alsé’cleér'that whereas regrouping seemed tovhavé.been
a stimulus for sgxuél investigation among buils, it hadvno
suchAeffect oﬁ steers. At all ages, bulls perfofmed
significantly more mounting ahd other_sexual actts than did

" steers. Among bulls and steers, Sexual‘behaviour was
performed more frequently at twelve months than at nine or
fifteen. Although sex related behaviod; decreased over the

ten'day pe;iod,'bulls retaihed a significantly higher



Figdre I1.1. The mean hourly occurrence of aggresgive acts
Ehiéébuﬂf§+bunts+thfeats) among bulls and steers for 10 déys
following regrouping: Age circa 9 months, January 1982. Data

collected between 0900 h and 2100 h.



NUMBER OF AGGRESSIVE ACTS

70 -

| 50X

50— \

s Legend
X BULLS -

O STEERS

T T T ——TT -
4 S 6 7 8 9 10 .
DAYS AFTER REGROUPING | ﬂ

36



\

j Flgure 11.2. Thb mean hourly occurrence of aggre551ve acts
(headbunts+bunts+threats) among bulls and steers for 10 days
‘~follow1ng regrouplng Age c1rca 12 months, april 1982, Data

ocollected.between 0900 h and 2100 h.
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collected between 0900 h and 2100 h.

Figure II}3. The,mead‘h0urfy occurrence of aggressive acts.
(headbunts+bunts+?hreats)‘émong~bullsvand steersbfbr'lo days

following regrouping: Age circa 15 months, July 1982 Data
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2100 h. .o &

Flgure 11.4. The mean hourly occurrence of mountlng among

¥
bulls and steers for 10 days*followlng regrouplng. Age c*rca

\

9 months, January 1982. Data‘collected between 0900 h and

..)‘
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Figure II.5. The mean hobrly occurrénce of mounting among

bulls and steers for TQ#days followiﬂg regrouping: Age circa

" 12 months, April 1982. Data collected between 0900 h and

2100 h.



44

/

Legend
X BULLS

TS} <+ < M. M ~ ~

'SINNOW 10 d38NNN

0 ' { - o
[ 4
Lt
z e g
“ <
Nl
O T~ D
7”7 O
| &
« ISW
Ny
N , 0 L
s~ L
- - . I4A
N v vn\..v
~ <{
O
~. .
— - B
T I T I T T T T =2
o n O W o) T} o 0 o o




Figure I1.6. The mean hourly occurrence of mounting among
bulls and steers for 10 days following regrouping: Age circa

15 monthsl July 1982. Data collected between 0900 h and 2100

h.

/
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frequency of mounting than steers, even after 10 days
(p<0.01). Mounting, as opposed to aggressive behaviour, was
not significantly correlated with ambient temperature
(r=0.038, p>.5). |

In a,discriminant function analysis (Figure 11.7), a

'sexual axie‘ (the ordinate) and an 'aggressive axis' (the
abscissa) are used‘to separate the two castes and three age
groups respectively. I .interpret this as showing that sexual
.behaviour (mounting, flehmeh) is best able to discriminate
between bulls and steers. All age groups of bulls performed
more sex-related behaviour than all age groups of steers.
The iaggreséive axis' is able to discriminate between age
groups. Generally, there was a~tendency»£or the older
‘animals to fight for a shorter period of time. The
discriminant function coeff1c1ents are given in Appendix 2.

Another category of activity recorded was crlbbing
This behaviour occurred sporadically in both castes. Neither
caste predominated 51nce at age twelve months (April) steers
cribbed more than bulls, and at fifteen months (July) the
p051tions were reversed. _

'Finally, it has been argued (Wood 1977) that grooming
is a positive form of social interaction and is an index of
strength.oflbonds within a.herd. Taking all. three age groups
together, there was no_significent difference between the
two sex-castes in the frequency of grooming. It may be that
grooming would be more appropriately studied within a well

established herd. - .



»

Figure II.7. Discriminant function analysis to separate
age-sex groups. Plotted points represent bulls (B) and
steers (S) at ages circa nine (9); twelve (12) and fifteen
(15) months. The 'aggressive axis' reflects amount of time
spent fighting.'The"sexual axis’ reflects*freéuency of

mounts and flehmen.
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This research concerned the effects of the removal of .
the testes on the social Eehaviour of male cattle. Past
resear&h, primarily on rodents and primates, ?aé produced
three lines of correlational ev?dence suggesting that
ahdrogens arélfelataéfto;levels of aggressiVeﬁass. ?irst,
levels of aggressive behaviour rise along with levels of
testosterone du:in; breeding season. Second, aggressiveness
is often first exhibited at the time of éub?rty.aAnd third,
baseline éndrogen levels and levels of aggréssivéﬂbehaviour
are correlated (Leshner 1975). In‘the case of agonistic
behaviour, hormones probabl§ affect beh;viour by modifying
those brain circuits that control aggression, but not-those
involved in submiss&ve behaviour (Leshner 1975, Leshner and
Moyer 1975). "Androéens affect only the intensity of‘
_“aggressive responses and do not affect avoidance responses
go agonistic stimuli" (Leshner and Moyer 1975). Machvof the
data related to aggréssibd and androgens‘comes from studies
in which strangers have been 19§ro@pced in na "testing‘arena.‘w

Leshner and Moyer (1975) found that castrated rats were less

;" aggressive than entire males; however, the castrates were

" hot more submissive, and they fought back if attacked.
_ Bouissou (1983) gave daily‘téstosterone'injections to
heifers from age three to six months. She fé;Bd thaE the
treated heiferé fought more when introduced to stranders.

than did untreated controls, and she explains the results by

{
proposing that androgens reduce fear.
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S\\///It'has been reported fr bulls (Venediktova'et al.. L
" /1977) and for steers (McPhee et al. 1964) that regrouping:
//“/ leads to an 1ncrease in aggre551ve and sex- related soc1al
;1nteractlons.-From Flgures II.1 to II. 3 it can be seen that
m1x1ng led. to more aggressive behav1our among bulls than
7:among steers. The ‘magnitude of the dlfference changed w1th
. age, although effects of age cannot be separated in this
study, from those of body welght body . fatness, temperﬁture,
,and dally photoperlod However, the data reveal that steers
\performed 63% as many aggre551ve interactions as, bulls at
ﬂage nine months. The gap between the castes 1ncreased with
- _age:. and by twelve months, ‘the flgure dropped to 57%, and by‘//
;flfteen months, steers performed only 32% the number of |
aggre551ve acts of bulls. This is a reflectlon of the

overall decreased rate of. aggressive behav1ours among 15

month.old steers.‘The rate oiraggre551ve'behav1our also
N - B ) “ ) . ) ‘ N . . ;

- dropped‘in{bulls. NS

Subjective analysis'of aggressive;behavlopr/within each
'caste suggests that steers are less ‘seriOUSF/inbtheir .

‘_agonlstlc 1nteractlons thap bulls. Flghts seemed less
1ntense, and did not last as long However, aggre551ve ,
‘behav1our plays a role in the establlshment of a domlnance
hierarchy, ‘and it has been sngﬁn that steers as young as
.e1ght months form a rank order (Stricklin et al. 1982) .
Based on ‘the number of agonlstlc interactions I observed

the;rank order among steers’ 1s establlshed with fewer overt

signs of aggression than among bulls. Similarly, Stricklin



) 52
’ SRR |
and Gonyou (1981) found less overtly competltlve behaviour
among st;ers ‘at a 51ngle stall feeder than among- bulls. They

found that among the steers, high ranking: anlmals were more
pread1ly replaced at the feedbunk by low ranklng ones.

.However, tvo 1mportant varlables (1A§9"

after regrouplng) must be con51dered whe a:‘

behaviour: group size and stocklng den51¢y. ThlS study dealt
with small pens, 55.8 m?, hold1ng eight animals: 7 |
m’/animal"By'contrast'\McPhee“et al. (1964) studiedksix
‘steers at a stocklng den51ty of 12, 4 m /an1mal anddHinch et
al. (1983) observed grazing steers and bulls. 1n herds of 24
{fat a den51ty of almost 3000 m? /anlmal That mdy account for'
| the much lower rates of aggre551ve behav1our among the bulls

o

"and steers described for thelr cattle\ o E

/

ent that in - nature, most aggre551on

(
is proxlmlty inducead 1s Tupported by data on growlng plgs.k

Hlnde s (1969) argum

'Kelley et al. (1980) fo

/

nd that a reductlon in free space
led to more frequent contacts and more aggre551ve behav1our. |
It has been reported (ﬁlnch 1978 Hinch et al. 1983) that
differences in the freguenc1es of social 1nteractlons among
.bulls and steers are not 51gn1f1cant untll 14 or .15 months
vof age. That conclu51Zn may apply to bulls and steers kept
at very low. stocklng den51t1es where, as Fraser (1982)
p01nted out. av01dancexferves to reduce agonlstlc contests
between'animals. In this study, sex-caste differences in

'agonlstlc and sexual behav1our vere significant. even at nine

months. Thls is most likely due to the much hlgher stocklng
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den51ty of feedlot cattle versus those on pasture, which
‘ te
served to magnlfy differences. -
Eoal

_ The second varlable that wmust be taken'into account,
sgroup 51ze, has 1mpl1catlons 1ndependent ofﬁstocklng
den51ty Aggre551ve behav1our 1s in part related to the
establlshment of a domlnance h1erarchy In cattle, the final
order is largely the result of the in%eractlons of each palr
of anlmals. Because the number of combinations of palrs

1ncreases‘w1th the number of animals, activity in a large

. a2 3 9
n ] . e

newly formed group can be expected to normalize much more
slowly than in a small group.

Group 51ze .is also 1mportant owing, to the effect\of

N

AN
social fac111tat10n. Behaviours such asfgraz1ng or»feedlng

are 'contagious' and Qill spread to other animals if begun
. by a:few;'This may-also apply to mounting among cattle
(Relnhart et al. 1978).

The~d1fferences that exist between bulls and steers are
’hormonal iniorigifi. Steers cannot produce‘testxcular male
hormone. This'haS; far,égample, ledggo a different‘pattern
of muscular development in steers ahd bUlls.?Steers mever
develop the complete muscle d1str1butlon/ a tern of the'
mature male. In thls regard steers are 1mmature bullsk
(Berg and Butterf1eld 1976) . Differences in behavioyral
-development»b tween steers and bulls_may bé analog0us to
ditferences yz muscular development; The sexual behaviour'of
the adult maie'is never developed bybthe castrate. To a less

eXtreme.degrée,bthe aggressive behaviour of the adult male,u

P}
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was play behav1our, because it lacked "serlous motivation™ ®
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which has evolved in relation to dominance formation and
F-1

access to resources, 1nclud1ng mating partners (Lott 1981),

is not developed in the castrate Therefore, some of the

dlfferences in soc1a1 behav1our may be explalned by the

steer being a behav1ourally less mature anlmal That is. the
same conclusion reached by workers in Australia who dited
their observations that bu;ls"showed-reduction in'play.;
behaviour (running) and increase insocial grooming at an
earlier age than steers (Hinch et al. 1983).

 The dataﬁon’sexual behaviour make it clear that bulls
were'much‘more occupied w1th mountlng eac other,than were
steers. The high rate of mountlng 1mmed1ately anEI ‘mixing

also‘suggests that mounting may play'a'rple in the

investigation of unfamiliar'animals.vTherefore, mounting is -

. perhaps the most d1ff1cult behaviour to 1nte§pret. Mount1ng

of an. estrus cow by a bull 1s, of course, regarded ‘as
typlcal sexual behav1our. The motivating dr1ve is explalned

in’ terms of 11b1do. But is «the mounting observed ‘in this

study also a function of libido? Reinhart et al. (1978)

observing 5 to 10 month old male and female,African Boran

cattle (Bos indicus), came*to the conclusion that mountingf

@

“and because the roles were rever51BIe. Yet H1nch et al
(1983) regarded homosexuaf“m§;}t1ng done by 10 month old
Hereford bulls and steers as sexua& %ghav1our.

Mounting may also be a man;ﬁ%stétlon of agonlstlc

- behaviour. Lott (1974) observed that domlnant blson bulls

B

;G

Bl v



R | 55

o [

Y. T %
., (B;soﬁfblson)‘often responded to the subm1551on smgnalsﬂof

+

other bulls with chln rest movements and with soft panting.
/ <o)

Both are con51dered mounting intention movements in bison.

Gelst (1971) described dom1nant Blghorn rams (Ov1s

canaden51s) mounting younger males lower in the hlerarchy

HL explained this as a ritualized extension of the dom1nant
male ‘and submissive female roles of w1ld sheep durlng
mat%ng A low ranking male may actually perform lord051s
when mounted by a domlnant ram. If, in cattle, mounting is
at a hlgh level 1mmed1ately after regrouplng but decreases

thereafter, it suggests that mountlng may have an agonlstlc

as well as a sexgal role.,That was the case w;th the bulls

in this study WHi#h over all)ages had a mean incidence of

15.5 mounts/p%n/hour during{thenfirst five days, but a lower
rate of’only 4,4 mounts/pen/hour for the second five days.

Among bulls it may be that mounting functions both as

~ sexual behav1our and aggre551ve, dominance asserting,

behav1ouru For both bulls and steers, there was a

AY

51gn1f1cant correlatlon between mounting and aggre551ve

behav1our (r=.730 and r=.437 respectively, p< 001). On the

bther,hana, if steers are tonsidered behav1ourally less

mature thdn bulls, mounting’may have components of sexual,

‘aggressive and play behaviour. From the current work it can

be calculated that at ages 9 and 12 months, the sexual

behav1o

Eﬁ of steers as a percentage of the rate of'that

behav1our among bulls was 10% and 9% respectlvely At age 15

" months, that dropped to 3%. Perhaps what was’ orlglnally play

WS
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behaviour among steers, declineg'as the castretes'belatedly

matured, but was not replaced by eny behaviour associated

t

with the presence of testosterone. . i w
| Flnally, thyroid hormone and adrenal weight data
(Appendix 3) showed no 51gn1f1cant~d1fference between,bulls
and steets, Adrenal gland weight reflects adrenal |
hyperttopﬁy whict'{s an approximéte long;term,indieation.of

secretory activity (Leshner 1978). Prolonged and heightened

‘adrenal secretory activity would SUggest that the animals

had been stressed during their stay in the feedlot. Thyroia
{

hormones reflect general-megabolic activity, and thyroxine

levels may also increase at times of stress (Archer 1979).

,J',

’Altogether, the lack of significant diffetences betﬁeen'the

-

- castes in adrenal: weights or thyrdid hormone levels, makes

‘it tempting to speculate that the bulls were no more

stressed by their nine to ten months in the feedlot than the
steers. Although the.bulls' response to regrouping was more

dramatlc than that of the steers, soilal stab111ty and

. presumably a less stressful existence qulckly returned.

K4

 CONCLUSION

Aftef mixing, entire males showed a greater increase in
¢ . v A

aggressive and sexgal‘interactions than castrates. This was
evident at ages nine, twelve and fifteen months.

Furthermort, the difference between bulls and steers

increased, with incréasing age. These animals were studied

in groups of eight, and aggressive’and sexual behaviour
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sdecreased to normal levels within ten days. Hinch,-et'al.

(1983) reported that aggressive behaviour rose con51derab1y
in bulls from fourteen months to elghteen months- of age.. The
animals in the current work were slaughtered at flfteen

i

months, so flg and threat of injury may pecome a

problem if bulls are kept beyond that age. However, the

f1 dlngs reported here for small groups of bulls and steers

may not hold for large commercial herds, where social

stability may be unattainable due to the difficulty of

individual recognition.
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II1. BEHAVIOUR OF BULLS AND STEERﬁ/&N LARGE COMMERCIAL
o GROUPS |
£ | ‘
INTRODUCTION |
In Chaptef I1 it was shown that regrogpiné unacduainted
cattle led to a much gfeater escalation of‘agonistic and
sexual behav1our among bulls than among steers. It was also
found that the initially hlgh levels of activity soon
declined, a;d that by ten days post-mixing,. there was no
statlstlcally significant dlfference (p>0a10) between the
average frequency of agonlstlc bahav1ours (bunts, headbunts,
threats) amongbateers and bulls. Mounting behaViour.remaingd
hlgher in bulls. But those data described groups of only
eight anlmals each, housed in 56 m? pens. Commercial feed1ng
of bulls is becomlng 1ncrea51ngly popular in Canada and-
under commerc1al condltlons, bulls are llkely to be penned
in much larger groups. Fifty to 400 is normal for steers.
Such 'group sizes have important ramifications for the nature
and stability of social interactions. Increase in group size

involves increasing the number of inter-animal

to group size, the stability of the dominance order is
likely to be inversely related to grouplsize (Curtis 1981).
Lott (1974) found that to be'the case in herds of bison

(Bison bison).

58

‘relationships. since'the;ii;fiiiiy with which any two :
" animals in a group meet each other is inversely proportional
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Increases in group size may not oniy affect the social
life in the pen, but alsc weight gain and other msasures of
productivity. Ewbank (1975) argues that growing pigs should"
not be kept in groups greater than 20 to 25, because that is
about the upper 11m1t for the number of pigs that can
establish a stable social hierarchy. Within'narrOW limits,
changes in group size may lead td'nd chsnges'in either
behaviour or produétivity. Sather (1952) found that with
stocking density being kept constant, there was no
difference in average daily gain or feed conversion
efficiency between boars kept in groups of 2 or grdups of 4.
But 1f numbers are 1ncreased several fold changes could

arise. The purpose of this study.was to document the
. L \ ) \\'
frequencies of sexual, agonistic and other activities among

steers and bulls in commercial-size groups.

MATERIALS AND METHODS. - - P

Cattléland'Feedyards near Strathmore, Alberta feeds
both bulls and steers. With the co—qperhtion of the managers
at Cattleland, an observation tower was built above a
nprth-south-fenteline separating a pen of bulls and a pen of
steers. The observation,platform Qas 4.2 m above the ground.
Each pen was circa 60 m square and a‘feedbunk ocsupied the
entire south end of each pen. The population of eéch pen
varied between 210 and 220 animals durlng the course Yof the

@g
study The cattle were all of mixed breedlng, and{w% ;

approx1mately 8 to 11 months old during the studyﬁ%at the
\:-s

1

e
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start of which the animals had beeﬁ togeﬁher for two months.
. Between January and April 1983, eight observation

sessiqns were made at Cattleland. Fdr the first three

‘dgeSsions; observations were made for 24 h.cohtinuously. For
ﬁhe last five 5essions, observations were made only from
0600 h to 2300ib. All-night observations were dropped
because very little activity occurred. During the |

observation periods, the observer alternated every 30 min ~
between watching the buils and watching the steers. At the
start of each 30 min observation period, a scan was made of
the number of animals at fhe feedbunk, and an éstimaté\was
madé of the perceﬁtége of animals lying down. During the 30
min, all occurrences of Ehe'followinéubehaviours Weré“ |
recorded: mbunting, buhting, gambolling (running abSUt,the'
pen with no obvious éggresSive intent, and ho bodj contact
made), and finally—éribbing (chewing or rubbing on the
fence). The resultant éamage to property is considered by
some to be a possibly major drawback to keeping bulls.

‘Ambient temperature, barometric pressure and relative

humidity were recorded at 30 min intervals.

RESULTS AND DISCUSSION . | '

+ Figure III.1 shows how often and at what times of day
cribbing was sden in eéch caste. Althoqéh the emphasis of
this chapter hés~been on sdciél behaviour of bullé and
steers, huébandrymen afe also intérested_in other aspects of

bull behaviour. During conversations with ranchers and



Figure III.1. The mean hourly oecurrence of 'cribbing'
(Chewing or rubbing on fencing5 among bulls and steers in
feedlot groups of circa 200. Data collected from 0600 h to

2300 h, JanuaTy to April 1983.

\
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,feedlot operators, the concern is often expressed th%}

™. '"‘D"‘M’“"» b % SR
PRCR SRV

in large groups will damage fencing and other property

pecause of their 'more violent ‘aggressive behav1our. .
Surpr151ngly, steers were seem sllghtly more often enoag1ng
in xhls behaviour than were bulls. In this study, no damage \
estlmate was made. However, during the course of the wlnter,
nelther pen sustained damagenthat required repalr. Hinch

(1978) studying bulls and steers at much lower stocking
densities (0.9 héad/nectare) found no differences between

bulls and steers\in amount of fence rubbing. But he did find

a marked seasonal effect, with most rubbing coming in the

' spriné'When animals were shedding their winter coat.

The feeding pattern for the two:gronps was similar,
w1th a peak early to mid-morning, and again late afternoon
to early evening (Figures I1I1I.2 and III. .3). Gonyou and
Stricklin (1981) found that beef cattle fed at individual

L

feeders had peak feeding tlmes around 0900 h and 1900 h. The

hourly pattern of restlng (lying down) of the. two castes was

also similar. However fewer bulls rested durlng m1d day, and
the bulls were ‘active later into the evening than the
steers.

On the other hand, in what are here considered to be

‘social behaviours, important differences emerged between the

bulls and castrates. Figure III. 4 shows the average hourly
frequency of mountlng, bunting and 'gambolling' among the
bulls-and steers. Figures III.5, III.6 and III.7 show the

distribution patterns of mounting, bunting and 'gambolling'
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; in'em%at?égﬂoi minutes. Kt”these\times the social

70 .
ST
o
it

over the 17 h observation period. It is evideyt that the

A

bulls did much more mounting and\someuhat more bunting; bu(::;>==
steers were more oftenkseen gamholling: Ovgyall there is |
confirmatiqn of the hjpothesis.that steers ené bulls in
large oroups are‘different‘from each other in the ‘E
distribution of Yactivity among these cateoories - —_d"
(chi-sduare=944,‘df=3, p<0,0J). M e -
" The most prominent,behgbiOUral‘differenoe between the

¥ B

two castes was sexual'behavidur. As in Chapter II, which

+

and sporadlc Qmong steers, " a small peakoccurring

an the early evenlng. On t c ;hand, the;bulls in thig

group of over 200 exh1b1t;d* gt 1ng behaviour alhoSt

ughout the ‘day. Major peeke‘tdok place at h1d mornlng,
gy afternoon and during most~of the evemng Not so
notlceable 1n the small group was the extent 'to wh1ch
mountlng among bulls occurred in bougd‘.bhat was espec1ally
true dur1ng the evenlng when perlods ofgrelat1vely l1tt1e

sexual behavxour would be'1nterdbersed by perlods of 1ntense

mount;ng actigity that would spreadvfrom:a few bulls to many

-

mfac111tat1ve or contaglous nature of mounting behav1our was

ev1dent. Furthermore the behav1our was often dlrected by

10 20 anlmals toward 5%% or two, Kend would 1ast for f1ve to-

fflfteen mlnutes.ﬁiurlngithg course of the study; four bulls -

® .

LY i s . . .. -
Py A ‘ . . : . “ ‘ ’
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o were taken out of the pen because of poor condition thought
to be brought on by this type of V}ct1m1zatxon. K W,

Both bulls and steers showed a peak inAaggresqive

‘ N
behaviour (bunting) in the early evening, But bnlls,dfffered

from steers in displaying a higher rate of the behaviour v
during late,morning and early afternoon. The generally i%
“higher rate‘of aggressive behaviour among the bulls,is a g!

B ) H N - @ Mr
characteristic of these commercial groups that was not found A

in the data on the small experimental gtroups of elght. There e&%

are at leastﬂtwo plausible explanatibns for thi flrstyz
is relatEd to dominance,hierarchy'formation. Either the
cattle had not had’time to estahlish a rank relationshi§»

‘ -\with‘each-other or cattle are simply not able to'form

relat10n5h1p§'thh so many other' individuals. Bulls may
/

Y respond dlfferently than castrates to such a soc1ally
R lz}stable 51tyat10n. That would co1nc1desw1th the data on -

small gtoups,iwheneln bulls performed more sexual and '
’ aggre551ve behav;our than steers after regrouplng with =
_strqngers. The second explanation 1s that agonlstlc
'1nteract10ns have a social fac111tat1ve effect . as feed1ng
behaV1our has been shown to have (e. g Warnlck et al. 1977)
' Therefore, if the behav1our is contagious, there will be a
mushroomlng effect, tendimg to draw in other animals. If
bulls have a lower threshold for engaglng in suﬁh

1nteract10ns,‘they would be more ea51ly drawn in by the

'sgqpa fac111tat1ve effecgu‘éhese are both arguments for

B
keeplnq\bull pens relatlveﬂy small

|
v ’ . = \
\ .

. . .
| [ |
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* Also not predicted. by observat1ons made at The
University of Alberta Ranch was the frequency with whlch
stkers, and to a lesser extent buh&gr were Seen gambolling
about in their pens.‘Thls is behavfdu; wh1ch looks like the

, v

playlng of calves. x‘may be, as’ clalmed in Chapter II, that -
‘gastrates never develop the compleve adurt behavxour\gattern
of mature males, Instead, the activities of the‘steers‘seem

more like a persxstence of play behaV1our.,And as

P +

indicated, play 1s a behav1our that has been” fcund to end at

‘ -t,‘a

'am‘earl1er age among bulls than among steers, on pasture'
(Hinch“et-al. 1983)., Play may be physically exhaustang~hutfw;t‘

perhaps not as}emotionally straining as 'seriousf f;ghtiﬁg.

Acco;d1ng to Dantzer and Mormede (1983) emotibnal response v‘{

[

.
[

may be the key to understandlng phy51ologxcal responses to
all so- called streSSors‘ That 1s, stJéssors (e.q. v1gorous Y

¢

exerc1se) de not produce the typ1cal] stress response f oo
' pltu1tary adrenal act1v1ty unless accompanled by some

: /
emotional trauma (fear,,anxlety) Thls prop051t1on has Beeno

.

sdpported by ev1dence show1ng that plasma cort1/ostef’1d

levels-do not become elevatedftf anlmal.SUbjec%s are enposed
_towgeat or cold slowly or ﬁf emotlonal arousa} is caref 1@;

§ .-

avolded dutlng fast1ng or . exerc1se (Mason 19 1, Alvarez and ‘J

/ ’ P ] a

"Johnson 1973; DantZer and Mormede 1953)

/

v Q‘In a retent study of b1rds (La opus | ";la'p uf)”f ]lJ

those 1nd1v1duals that eventually becam subdréinate

) exh1b1té§ a.: greater reaction, measured as 1ncrease in Body

temperature and plasma cortltosterohe, than dld those b:rds f
! ' A . . 'y . o ‘éa"‘-" l .

.
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o ‘that became domlnant (Myh‘aTeL\E&\1981) The StUdY also Aﬁft. e

showed that the dllferences between ddminant and subordlnate );*,p;,
y_find1v1duals d1sappeared in a wel 1establzshed hlerarchy ':/fﬁff;iJ
nvuv;where rank1ngs were seldom challenged That led those e
1_researchers to’ suggest that energy conservat1on for both.
ddomlnant and subord1nate may be one ;unctlon of a dom1nancelf_
'h1erarchy (Ur51n and)Myhre 1983) Maklng an, extrapolat1on to 'Thirfvj‘
o_cattle,,lt could be argUed that 1arge feedlot grpups (those i
’A’so large that bulls do not 1ntéract often enough to develop
"la stable relatlonshlp, or 1n mh1ch 1nd1v1duals s1mply cannot
o

o xg_,h_H.
»;_recognlze all group members)’reSUIt 1n an added energy draln\

'to subord;nate anrmals7\The 1mp11cat10n 1s that even
productlon parameters such as rate of welght ga1n may be
'_fprejudlced in’ these c1rcumstances- and some of the natural
'ihadvantage of bulls over castrates thereby dlmlnlshed _v-V”ft.ffﬁlv'
| In observ1ng feedlot cattle behav1@pr, I have "5,"“ ‘
,concentrated on thelr responses to the soc1al env1ronment.
fBut cattle mod1fy thelr behav1our accordlng’to changes in ‘h"' ;g'_
’.thelr total env1ronment ?bhy51cal and soc1a1) Dur1ng my “ =
« vobservatlons it was clear that weather had a profound effect_. i"’ff
on general level of act1v1ty But 1n thlS connectlon, there.f”
"may be many 1mportant var1ables, and thelr 1ntéractlon wlth L
"-behav1our and mot1vat10n are complex. At a crude level some
relatlonshlps were seen. Both agon15t1c and sexual behav1ourd‘“'
were p051t1vely correlated w1th ambient temperaturey," c""

.(r 0. 135, p= O 024 and r= =0. 106 p 0.061 respectlvely,

‘temperature range. —12 C to 17°C) But some - 1nverted u curve -



O e
relat1onsh1p may be expected

.WIth general act1v1ty be1ng»

redhced at much hlgher amblent temperatures. BarOmetrlc “f,-
pressure and nelatlveﬂhum1d1ty were also recorded but no
51gn1f1cant correlatlons with. act1v1ty were found ThlS'
study ﬁ;E not supplle

’ )

\
a. suff1c1ent data\on behav1oural '
responses to weather changes to make any predlctlons. Those

‘j relat10nsh1ps remaln to be clarlfled In the meantlme, I"'_n
8 assume that weath/;lchanges affect the behav1ourfof bulls
and steers in the same dlrectlon. However the magnltude of
the responses may d\ffer.' B
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a_‘ralsrng bulls versus ra1szng steers for beef (erg. Fleld

| IV. COMPARATIVE RESPONSES OF BULLS AND STEERS TO TRANSPORT ' -
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A body of 1nformat1on now demonstrates advantages to ,]

NTRQDUCTION

1971 Jones et al. 1981) B t- feedlng and marketlng bulls =

‘for beef may also pose some management problems not

rvencountered w1th steers. As already dlscussed he»f”j

" and can mean economlc losses to producers. One such streSSOrj

dark cuttlng of beef carcasses is a cond1t10n that 1s

9

o ' Ry
!tmevalent among bulls subjected tO»pre slaughter stressors, S e

T

is the fxghtlng that occurs before slaughter among anlmals
e

unfamlllar w1th each other (McVe1gh et al _1979) It has

[ R

been shown that regrouplng bulls 24 h- before slaughter can -

\ . .
result 1n 73% of carcasges turnlng dark (Prlce and Tennessen _

g

1981) Steers have been found to be 1ess sgsceptlble to
N N
dark- cuttlng (Chapter I) That 1s 1n accord w1th what have"

been shown to be dlfferences between bulls and steers 1n
the1r béhav1oural response to regrouplng (Chapter II) B |

i

o M1x1ng led to a much greater escalatlon in aggre551ve and

‘

sexual behav1our among bulls than among steers.. In general,"l N

bulls and steers dlffered markedly 1n how they responded to"'f

' change in their social env1rgnment. o

\iff\\\g; Another p0551ble pre slaughter stressor is the handl1ng'

and transportatlon that takes place when cattle are moved
from the feedlot to the abatt01r. Addre551ng the top1c of. e

transportatlon and anlmal welfare, Taylor (1978) wrote that--

(SR .

[
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‘"Apart from the stressful sltuat1on produced by the
fmere change of 1ts env1ronment, varlous phys1ca%

'tproblems are posed,‘for example hunger and thlrst,‘ltf

.1Wfatzgue, too hlgh or too loy a temperature,‘frowd1ng

‘v') 5 *and unusual or excessyve nolse w111 all act as o
< " o A .
A-\

‘,And Grandln too (1978) p01nts out that transpo?t may be

[stressful to lxvestock because they may be exposed to
.}thermal stress,vnox1ous exhaust fumes and frlghtenlng

n01ses. In thlS connectlon,‘lt has been found that the

zifrequency of dark cuttlng beef from bulls 1ncreases w1th the

53t1me elapsed between departure from the farm and arr1va1 at

* the abat&élr (Monln and Royant 1980) @5,
' Is there a dlfference 1n how young bulls and steers

=

Ca /“"

g

g wwrWﬂ/

;7p0551ble stressors. o -\Q' e "7‘j._* ff o

‘ vrespond behav1ourally or phy51ologlcally to the experlence- fﬂ

' r} of be1ng loaded onto a truck and drlven ;long the hlghway7u«

h;vaSO,vlt would have a bearlng on’ the economlc fea51b111ty”7

of the husbandry of young bulls.vThe purpose of thlS study'

: was to expose both bulls and steers to transport by truck

' andvto '

/

monltor that response.

. MATERIALS AND METHODS =

f

“In thlS experlment 'seven lots of six bulls and seven

: lots of six steers{'cross bred yearllngs born‘and ralsed at

- The Unlver51ty of Alberta Ranch were transported by truck

for e1ther 10 m1n or for 2 h. The longer perlod was 1ntended R

"to mimic the t1me needed to transport‘tattle from The

ES




‘ _
domlnance h1erarch1es to be well establ1shed The an1mals

had not been transported before. The truck held 51x anlmals‘
at a den51ty of roughly 1.5 mz per head The - bed of the
truck was bullt of wood Straw was thrown On the bed. The
trucklng Ltself was done on a good paved road except for a
ohe half km'stretch of road between the Unlver51ty Ranch and
the maln hlghway. Speed was ma1nta1ned at roughly 75 to 80
km/h The 10 m1n transport routlne was done entlrely on T

gnavel road adjacent to the Unlver51ty Ranch The experlment

was carrled out -over a perlod of 5 weeks. Amblent

‘v"u. ’ The followlng measurements were taken before and after

transport° body we1ght, rectal temperature, resplratory rate B
(based on . movements of the anlmal s‘flank whlle/breathlng),
and a chute score 1 (doc1le) to 6\(w1ld) (Helsler 1979)
(Table IV 1) A blood sample was collected in a vacutalner,
v1a the caudal ve1n rather than the Jugular,iln the hope of
m1n1m121ng frlght to the anlmal The samples were assayed
for serum eortlsol by means of a solld phase "’I
radlolmmunoassay kit (D1agnost1c Products Corpor ion,lLos

Angeles, Cal1forn1a) In addltlon, one anlmal chosen from

: each transport group of 51x was f1tted w1th a VHF radio
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“lémetry system (Bzotelemetry Systems Inc.. Rush New Ygrk) :fh'

hxch\fllowed heart rate to be monltored dur1ng the X
( . N .“',(‘_\?} -

et

N B ucklng. The system was 1nsta11ed one half hour before

‘tfansport The transm1tter was mounted on a harness Whlch

,//” was attached to-the an1ma1 See.Plates IV 1 and IV 2. Two

' self adhes1ve Stress Teft Electrod

Mlnneapol1s, Mlnnesota) faste,
the harness between the scap&lj(;“
behlnd the harness;; \
L) buring.handling; every . effdrt\was made“to-minimize" vl =
e \[dlsturbance to the an1mals. The cattle were never run, but
| rather allowed to walk out of their. pen and along the runway
pto the chute system. Although thetcattle had to be coerced\
onto the truck (pushed from behlnd and slapped 6\\the1r
‘ backs) the unloadlng was done by szmplw/openfﬁg the trUbk
' door and lettlng the an1mals ex1t at tHelr own speed, whlch -
they did readlly. After unloadlng, the cattle were moved in
as calm a manner as poss1ble to the chute system where
‘ ymeasurements were taken. It should be noted that the cattle
were not tamed to human contact “and their usual response .h
:was to w1thdraw whenever people approached; Therefore;
: handling and blood samplind were probably Stressful' ~
experiences'in;themselves.
_bata were analjzed by least squares“analysis of

-

-variance.

’
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Plates IV.1. and IV.2. Bull wearing harness with heart rate

- .

“transmitter durﬁng\transport study.
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RESULT N | |
§ble IV\2 Qhows the averege valuee ot variables
| recorded for bulls and caﬂtratcs before the anxmals ‘were
trucked Bulls were sign1£1céntly heavier than steers and
: had conszderably lower serum cort;sol levels. Table 1213
‘ shows the average change in the measurements with trucking.
No cohszstent dlfferEnces appear; Weight: loss wasithe same
for both castes. Sxm1iarly, changes in serum cortlsol levels

do not point to any dlfferences between bulls and steers,

- although e basal 1evels of cortisol seem to be h1gher in

castrates (Table 1v. 2) The two-hour transport produced no

s
.

d1f£erences between the caStes in resp1ratory rate or, chute
score. But the short 10 min process led to a much greater
increase 1n resplratory rate among steers than bulls. "o
1fferences in chute score also\only appear after the short -

durat1on transport. Heart ‘rate data (F1gure IV 1) showed

that a peak was reached as the anlmals were loaded ‘onto the

‘\truck Thereafter, heart. rate.in both bulls and steers

‘decreased sllghtly dur1ng the two hours of transport.

,mscuss:on o S | //
Although bull/steer dlﬁferences in sexual and
aggre551ve behaviour were m1n1ma1 below 14 months of age in
pasture grazing situations (Hinch et al. 1983), those
dlfferences can be accentuated by social regrouping (Chapter
I1), or by 1ncrea51ng the group size or stock1ng den51ty

(Chapter III) On the other hand, thlS study found few
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2
transported by truck on paved highway. Values are maans of
three bulls and three steers. J
~ e | . o
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d1fferences in how 15 17 month old bulls and steers respond
to transport by truck.rThe results suggest that spendlng two
hours on. a truck d1d not affect elther group adversely, and
"dld not produce phy51olog1cai changes very d1fferent from
‘those produced by llttle more than load1ng and unloadlng
But it must be noted that an1mals were not regrouped prlor
' to transport Con51derable dlfferences in physxologlcal and
’behav1oural parameters of. regrouped anlmals would have been
{pred1cted due to the’ stress 1nherent in establlshlng new "g“
‘soc1a1 relatlonshlps Otherwlse, the responses of the cattle
‘may be. 1n large part a functlon of the discomfort’ the
anlmals felt: durlng transport. Dlscomfort (phy51cal and ‘
nsoc1al) probably 1ncreases as. crowdlng 1ncreases (1nd1v1dual
dlstances are unav01dably trespassed) and probably also as
footlng becomes worse. Foot1ng is related to the floor type g”
;of the truck and also to. the k1nd of roads over: whlch the N :

’truck is travelllng In thlS experlment, the 2 h trucklng

. was done on a good paved hlghway except for a* c1rca one- half

-'pkm stretch of gravel road lead1ng from the RanCh to the maln/ .

/i

lhlghway Because of that, the cattle could stand easrly, /.
M /

" without having to constantly brace themselves agalnst a /

f
/

fall. Trucklng 1n thlS experlment was’ also done on a hlghwayvb

w1th very little traffic. That may also be a factor in the

low 1mpact of the truck r1de on the cattle. )
The only large 1ncrease in- heart rate came when the

'l‘anlmals were loaded onto the truck. Thereafter a gradual

decrease was noted, which suggests that the anlmals were at



recumbant-

e

. dlfferences 1n change of" cortlsol levels after handllng and

_serum cortlsol levels of steers are most llkely due to the

ease dur1ng the trucklng The 1ncrease 1n*heart“raté7at.i‘

s
i loadlng may be due to the novelty of the truckbed

'.env1ronment %n a study u51ng two to four month*eldldersey

calves, Stephens and Toner (1975) found that leadlng a calf
(alone) onto a truck resulted in an 1ncrease in heart rate

from 80 beats/mln to 110 beats/m1n But the rate soon

..

‘fdropped to 100 beats/mln as-the. calves were allowed to

ccustom themselves to. the truckbed. Heart rate dropped
further to c1rca 60 beats/mln when the calves became
Slmllar results have been reported in-a study done on

vthe response of beef breed calves to- transport related

‘ events (Stermer et al 1981) It was found that average

heart rate 1ncreased by circa‘30 beats/ min when thelcalves

e

ere loaded on a. vehlcle. After 2 h tran51t, heart rate of,

‘calves was, on average, 18 beats/mln over rest1ng rate. But

after 24 h tran51t,jthere was no elevatlon in heart rate..

'Unfortunately, Stermer et al. ~gave no. 1nformatlon about the

stocklng den51ty on the truck the type of road over ‘which

'the anlmals were transported or the nature of the soc1a1

©

grouplngs collected on' the. truck
\

@ Serum cortlsol assay revealed no. 51gn1f1cant

transport. But the results of the COftlSOl analy51s requ1res

'some explanatlon and qua11f1catlon The generally h1gher

altered ster01d balance of castrated anlmals. Castratlon



vprobably leads to loss of feedback effects between the
- p1tu1tary adrenal and p1tu1tary gonadal aXes (Dev1che et al
t1981 Moberg 1983),,and perhaps to dev1at1ons from normal
sterold synthe51s pathways (BrOWn 1978) But. thls should not
: affect the relatlve dlfferences between cortlsol levels |
":before and after the treatment. However, Fulkerson et al
"(1980) found that cattle show . c1rcad1an ‘and ultradlan cycles
:1n blood cortlsol 1evels. Levels are generally h1gh 1n the- ;,d
ﬁ_early mornlng and lowest 1n the afgfrnoon..In th1s_agf" | »
experlment, handllng and trucklng took place between 1000 h e
‘ ‘and 1400 h, a perlod of decrea51ng cort1sol concentrat;ons. B
%\ . In the present study,_the treatment glven to/the e
o .anlmals can be separated 1nto two components. One component |
1s the trucklng 1tself and the other is the handllng of the'
cattle in - the chute system before and after the trucklng.g
'The de51gn of thlS experlment, w1th most measurements belng
spot values/before and after transport does not lend 1tself
to the separatlon of these two components. However, the 10
the emphaSJS on the'v |

®

'load1ng and handllng component ‘The. fact that steers showed

m1n transport routlne put most of

‘somewhat greater 1ncreases 1n resplratory rate and cort1501
level after the 10 min than the 2 h transport, leads one tq
H"th1nk that the castrates found the load1ng and chute systém
handflng to be more dlsturblng than the truck r1de 1tself
‘This pattern is not. ev1dent in the data on bulls. /

_ Nevertheless, the overall p1cture suggests that the

reactlons of yearl1ng bulls and steers to trucklng are

Ty

95 4



)
\)

"51m11ar and m1nor. But 51nce all reSponses of anlmals are
due to-the 1nteractlon of genetft and prev1ous exper1ence o
factors, generallzatlons should be made carefully Studles

'w1th other spec1es, for example, have shown more pronounced

sfresponses to handllng and transport. Plasma\cortlcosterone.j'

:'val&és of mlce subjected to transport by trutk or plane were‘

:'h1gher than 1n non stressed(:ontrols, and remalned hlgh for

} at leas 48 h (Land1 et al 1982). Monltorlng plasma

'cortlcoster01ds levels v1a permanently 1ndwe111ng catheters,

“'Fenske e: al.v(1981) found that transport of pre pubertal
ggllts for 50 km resulted 1n ‘a, 51gn1f1cant 1ncrease 1n
cortlcosterold levels, w1th max1mum concentratlon comlng 100
m1nutes after transport by truck began. Furthermore, they

yfound that truck transport\led to greater 1ncrease 1n

: S
_cort1coster01ds than electrlc shock treatment. In another
{

“fstudy of plgs; "51mulated transport\\resulted in heart rate

wbelng elevated durlng the flrst 30 mln\tStephens=and»Rader;
rd .
41982) From ‘a restlng level of 110 beats/mrnf\heart rate
o N

™~

rose to: 150 beats/mln. )
- The soc1a1 51tuatronbunder wh1ch stress 1s exper1enced
,_1s also 1mportant. Presence of herd mates may have a’
dsupportlve effect oh. an an1ma1 S ab111ty to cope w1th “the

novelty and uncertainty’ of truck1ng In a study w1th sheep

(Ov1s arles) Kllgour and deLangen (1970) reported only

'.sllghtly elevated -plasma cortlsol levels in, sheep after
,trucklng as a group Interestlngly, cortlsol levels after

trucklng were much lower\than after 10 15 min of shearlng

L]



‘“And thesauthors suggested that in sheep, any handlzng
t»cbecomes much more stressful 1f the anlmal 1s separated from
‘,the flock (as 1n shearlng) They also noted that elevatlon |
y‘of blood cort1501 levels after any handllhg 1s 1nfluenced by

‘ the expetlences that an anlmal has had prev1pusly durlng

'ns1m11ar handllng. There 15 no reason to: thlnk that/cattle'?a

.are very different from sheep in thlS respect. In they.

\;,';present study, the anlmals were transported 1n soc1ally
[ 4
stable pen unlts, whlch may have served to buffer the

anlmals agalnst the novelty of the.truck1ng exper1ence.v

*

gLev1ne (1983) has argued that uncertalnty and predlctablllty

are also 1mportant modlflers of behav1oural and N |
y phy51olog1cal response to any env1ronmental stlmulus. That‘
' should be kept in m1nd whenever cattle are llkelyﬂto be
transported or handled on a routlne bas1s Few responses of
11vestock are f1xed They are contlnually mod1f1ed accordlng

Ca.

to the nature of the anlmals exper1ggges_



’ ThetpreviOUS‘four chapters haverdealt‘ ith separate

experlments. However, thelr common aim vas to’olarify thev‘
'idlfferences in response of bulls and steers to normal beef
cattle management and handllng The focu vof the compar1son,
'was ‘the problem of dark cuttlng 1n beef c rcasses._Thls
'Vcond1tlon of unacceptably dark flrm ‘and dry meat’wh1ch is
sthe most frequently occurr1ng quallty dev1qk10n in beef ‘
‘>(E1kelenboom 1881) is related to stress prlor to slaughter,
rand seems to be partlcularly common among bulls. ‘ '
. efore the start of formal experlmentatlon,‘lt had’ been
f'notlced that whenever bulls from several pens were comblned:
bfor transport to an abatt01r, the 1nc1dence of dark cuttlng
.carcasses seemed to be hlgher. The flrst experlment
vconflrmed that m1x1ng unfam111ar bulls was an 1mportant
“ cause of dark cuttlng Bulls were- marketed elther w1th
pen- mates or ‘with strangers, and held overn1ght at the
abatt01r. Those anlmals marketed w1th pen- mates, produced
_less than 2% dark cuttlng whereas of those sh1pped w1th
strangers,,over 73% were. dark cutters. Also assoc1ated W1th
-regrouplng was a greatly elevated level of aggress1ve
behav1our.
The results of that study led me to ask whether simple

management strategles could be devised to m1n1mlze the
;effect of regrouplng bulls, and to ask how steers would

respond to 51m11ar c1rcumstances. Comblnlng unfamlllar

animals late in the evening, a perlod when social act1v1ty

98 - .
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L'typlcally has sub81ded (and 1n th1s case 12 h before - .
slaughter), was compared w1th m1x1ng anlmals the next
'mornlng (6 h before slaughtery This_ strategy produced 64%
" and 14% dark cuttlng respectlvely among bulls. The same .
treatment appl1ed to steers produced no dark cuttlng, and
establ1shed that. bulls vere. morewsusceptlble to the
dark cuttlng condltron than steers.

Two normal husbandry practlces, mixing unfamlliar.
vanlmals, and transportlng them to- the abatt01r,bare both
p0551ble stressors. The comparative responses of bulls and
.steers to each of these treatments may explain thef}
udlfferent susceptlblllty to dark- cuttlng "First, bulls and
lsteers were transported by truck for e1ther 10 m1n or 2 h,
Transportlng cattle involves chang1ng their phys1cal
' env1ronment. In this: experlment both castes showed 51m11ar
physxolog1cal and behav1oural responses Furthermore, their

responses were ‘not only 51m11ar, but ‘also mlnor, probably

because care was taken not to alarm the anlmals. Transport

. can severely a fect both bulls" and steers, bugadoes not need k
to be stressful to e1ther. There is no pecullarly 1ntact

. male or1entat10n to handllng or to transport nlrke their

‘reactlons to females or competlng males. I concluded that’ 4

truck transport was not more stressful to bulls than to
vsteers. | h .
Second bulls and'steers were mixed with strangers at
'about n1ne, twelve and f1fteen months of age. ThlS led to:

more mountlng and aggre551ve behav1our among bulls. But
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there was a daily decrease in the rate of these behaviours.
By the tentheday there wasynd“s%gﬂfficant difference in the
= rate of'aggreslee behaViour. Mounting,ihoweQer, remained
~more common amcng bulls. Isqéoaclysion) 1 found“that bulls.
reacted more v1gorously to social %i/ruptlon, “and that 5
differences between bulls and steers increased with age,
“from nine to fifteen months.

Clearly, the husbandry of bulls may secessitate some
modlflcatlon of pract1ces whlch have been de51gned for
steers. Bulls were more susceptlble to dark- cutting. My
results support suggestlons that mlxld@ bulls was an
important stres;:;\but that truck transport was not very
stressful to the cattle. Regrouping unfamiliar bulls(led to
dark—chtting, probably because the-animalsﬁfought to
establish new rank relationships. Steers did not figkt as
much as bulls. Perha@s steers generally establish rank with
fewer;overt signs of rank having beenﬂcdntested. on the
other hand, steers may simply not be as interested in
dominance rank as bulls An important tole of dominance -
relatlonshlps among cattle 1s access to estrous females. In
their natural state, cattle do not defend or ofﬁen compete
for food,resources.vCows in estrus may be the only i
'resource’ ‘for which bulls compete, and may be tended and
‘ protected' from other males. '1f castrated males are 1és§
motivated towards sexual goals, they may be less motivated
tcyattaih high social rank. Regrouped bulls also show more

mounting than steers. Whether mounting is simply 'sexual



behaviour' or also contains an element of agonism, it would "

not be expected to occug as frequently among castrated
animals with a presumably reduced sex drive.
The preceding study dealt with groups of elght anlmalsl
small pens. Large groups may be less socially stable than
small-ones.'with that in.mind, I pbserved the behaviour of

bulls and steers in 1a332 gommercial groups of‘over~200.

~Under these circumstances, bulls and steers showed behaviour.

differences that were not detected in small groups. Bulls

were denerally more actlve than steerls. Bulls did sllghtly
A : N

more bunting, but steers were more often seen gambolllng {

about the pen. Gamboll1ng is a behaviour pattern that was

' \

not seen at all among steers or bulls kept in groups of
elght. Throughout the day, bulls did much more mountlng than

steers, and the repeated mounting of one or two bulls by

) several?others was Beenwocca51onally. I propose, that the
. ‘ : AN

larger the group sizeﬁxthh greater the social behaviour

2 . -

differences between the two castes.

EN

Furthermore, I propose two generalizations about the
effects of castratlon on response to. hand11ng and on soc1al
behaviour. Flrst, bulls will be more act;ve than steers in
situations where,hOrmones are relevant (those in which ‘the
behaviour ot adult males would influence Qheir‘mating
" success). That includ§§>agonistic interactionsaduring
.temporary social disrfiption caused by regrouping, or chronic

social dlsruptlon caused by very large group sizes, Second

steers seemed behav1ourally less mature than bulls..Steers

SN

i
[

%
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did sllghtly more gambolllng about in thelb\g"”’i\izfrC811Y\

calf-like behaviour. Perhaps steers retain juvenile
behaviour pafterns to a later age simply because there is no
other adult male motivating drive with which to replace
them. | )

Finallf, it has also been the intent of this thesis to
offer advice to the husbandryman. First, bulls should be
kept in. socially stable surroundings. They should not be

regrouped before slaughter. If that is unav01dable, the

mixing should be done several weeks before marketing.

"’ second, soc1al stability is 1nfluenced by group size. No

spec1f1cs can be given as to the optlmum number of bulls in
‘a group, but the larger the group, the more likely'lt is
that behav1oural.problems will arise, and the more husbandry
1nput the manager must be. prepared to make. Third,»truck

transport of bulls poses no spec1al problems. Responses of

-,‘bulls g}ll llkely be similar to those of steers. How the

\
cattle react, therefore, 1s largely a functlon of how well

the handlers do’ the1r job, rather than of the androgen
levels of the anlmals. Fourth, differences in‘soc1al

behav1our between bulls and steers 1ncreased from age nine
months to fifteen months. Behavioural problems maf escalate

{f bulls are .kept to a later age in feedlot conditions.
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,xmiuc BEEF, THE;METABOLlC PROCESS

4

‘In cattle, pre= sbau - ptressors heve been found to lead

to an increased 1ncidence of dark-cutting beef (Chapter 1).
What metabolic processes are responsible for this
discolouration? How does a psycho—physiological change of
state produce a biochemical alteratlon in the meat? To
properly ‘explain stress 1nduced blochemical changes that
givevrise do dark-cultlng carcasses, 1t\1s first necessary
to understand. what happens 1n the normal, unstressed .animal.
_Dark cutting beef is a result of the depletlon of -muscle. -
glycogen stores (Thompson 1974) Glycogen is a branched
polysaccharide made up of numerous glucose molecules.
Qlycogen'is the form in which animals store carbohydrates,
and in vertebrates, lt ocours primarily in liver .and muscle.
Muscle cells, as do other cells of the body,.require
energy to surv1ve Although the immediate source of energy
in cells is in the form of the potentlal energy of aden051ne
trlphosphate (ATP), the suppl1es of ATP are so small ‘as to
only meet normal energy reguirements for a few minutes
- \(Hultman et al. 974) As a result, ATP must cont1nuously be
‘resynthe51zed Resynthe51s requires fuel energy. kormally,
fuel energy needs of resp1r1ng anlmals are met by the .
»catabollsm of c1rculat1ng blood glucose. This catabolic"
pathway conserves energy (i €. ATP molecules are produ;ed).
But although blood glucose concentrat1on ‘may be high ,;1
follow1ng a meal rich in sugar, circulating blood glucose‘is

an ephemeral entity. Therefore,,lts level must be regulated

e
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That function is carried out by the liver glycogen depot
. (Hultman et al. 1974). | .
In the liver, glycogen is broken down into its glucose
constituents. Through the reactions of glycolysis, glucose
is transformed to pyruvic acid. Under aerobic conditions the
the pyruvic acid is transported to the mitochondria, |
transformed tJ“Acetyl CoA and enters the TCA cycle, finally
exy g as watgf and CO,. If oxygen ig not present (as for
examéle during exertion when muséle‘éells have built up an
‘oxygen debt), pyruvic acid is transformed to to lactic acid.
The lactic acid diffuses out of the cells‘and is carried by
‘venoqs circulation to the liver. It is here, that most
giuéose resynthesis takes place. The glucose synthesized in v
the liver iS'transportéd arterially back to muscles where it
can agaih’undergo glycolyéis. But the.cyéle is not 100%
efficient, éhd therefore some dietary input of'carbohydréte
is needed to maintain adequate glycogen stores. Muscle'is
also a storage depot for glycogeh. However, muscle glycbgen'
‘ b:eakéown takes‘place within the cells, and serves only as a'
local energy source. The process that leads to glycogen ‘
‘breakdown can b¢1initiated by (1) a muscle coqgsaction
stimulus, or (2) adrenalin release. Hard exetcise will
stimulate 2 faster rate of glycogenolys1s than that
result1ng from adrenalin release alone (Hultman et al.
1974). Both can result from 1mproper pre- slaughter handllng

and management techniques.

-
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‘ As mentloned both psychologlcal stressors a@d phys1cal ‘H
,exhaustlon due tp hard exerc1se wlll lead to glycogenoly51s.v*
'uAnd glycogen depletlon has ‘been: establlshed as _the causat1ve
'factor in dark cuttlng beef How then does glycogen o

hdepletlon_affect the process of\post mortem metabollsm7‘

.: When an anlmal is slaughtered all 1ts metabollc.
functlons do not suddenly stop The conver51on of muscle to
meat can take from several m1nutes to days (Forest et)al
.51975). Of course one very 1mportant event at slaughter is

N

skhe exsangulnatlon of the anlmalf,wlth no c1rulatory system
:to ferry substrate materlals and enzymes from 51te to site,
metabollc reactlons e1ther take place in 51tu or they do not
‘take place at all The dlsappearance of oxygen carrylng |
blood also means that for all 1ntents and purposes,

. \
,'post mortem muscle metabol1sm is anaerdb1c. The most obv1ou5u

post <mortem changes are st1ffeh1ng and loss of extens1b111ty
:of the muscles. Thls is normally accompanled by the loss of
glycogen and ATP the productlon of lact1c ac1d and drop 1nv
:pH (Bendall 1973) ATP acts as an elast1c1zer of muscle, and fh
its loss. 1s the event most closely llnked to the onset of -
rlgor mortls (Bendall 1973) Anaeroblc metabollsm in muscle
txssue after death w1ll produce 2 molecules of ATP 2
1'molecules of lact1c acid, and 2 hydrogen ions for every
:amolecule of glucose that enters the pathway (Lehnlnger
:w975) If glycogen stores are h1gh as in a rested, well-fed

nlmal ~the post mortem process of breaklng down the.

» glycogen w1ll be prolonged Durlng the glycoly31s, ATP is

S
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prodgced whlch wlll prevent full r1gor mortls.AAnd becausev
o

E

e R
‘removed from the muscle, there 1s bu1ld up of these 5 , N
. ya
' products. That generally leads to an - 1mportant faﬂl 1n pH e

from pH 7 to pH 5. 5 in full rigor (Bendall 1973) However,’
if glycogen stores have been exhausted before slaughter,
then there is llttle further glycogenoly51s that can,take

place in the muscle (or elsewhere) As a result there is

' much less productlon of lactlc ac1d and hydrogen 1ons'and e
therefore much less fall in- pH Also, because of reduted"’ S g
V'glycoly51s, less ATP is formed and r1gor mortls sets 1n ‘more a

dqu1ckly (Bendall 1973) _

Ultlmate PH of the meat, then,'depends on glycogen:;‘
reserves of: the muscle at tlme of exsangu1natlon. But 1t 1s
colour.and texture that 1dent1fy dark cuttlng beef How does'u
high pH lead to dark colour7 The predomlnant colour plgment
of muscle and-meat 1s myoglobln It con51sts of 80 90% of
total plgment (Forest et al. _1975) When the anlmal is allve
land well supplled w1th oxygen, myoglob1n is in its" .
oxymyoglobln form, respon51ble for the brlght colour”
assoc1ated w1th fresh meat. 'But durlng typlcal post mortem \!3_
~ enzyme. act1v1ty, any oxygen in ‘the muscles is used up, andr
?myoglobln is changed to its reduced form, metmyoglob1n whlch
~is a dark purpllsh red colour (Forest et al. 1975)”
normal meat (1n this context meat with pH less than about
5.9),.a fresh cut 1s dark at flrst bub becomes the de51red

v [};

brlght red colour as the metmyoglobln changes to

t
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' oxyﬁyogl bin, But 51nce dark cuttlng beef is at a hlgher_

1 muscle. That. results 1n more water belng held

"’jintracellularly, thereby maklng the muscle flbers turgld and

more tlghtly packed How does. thls“change meat}colour7 There

is agreement that the chaﬁge in COlour has té do w1th

Y

' altered reflectance of llght. But there is dlsagreement as
to whether the turgld cells reflect less llght and therefore

'appear darker (Forest et al 1975) “or 1f meat of hlgher pH

the meat, thereby darkenlng the usual red colour (Bendall

' 1973) In any case the cond1t1on is cosmetlc, and.

a)

dark cuttlng beef contalns no abnormal compounds (Thompson__

- 1974). ,'

@l

. R
than normal pH, 1t 1s above the 1so electrlc po1nt of normal K

© o 1s 51mply more. translucent allow1ng us £ look deeper 1nto

A
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APPENDIX’3£‘THYROID'AND‘ADRENAL DATA

»

7, THYROXINE  WEIGHT OF .

(@)

ADRENAL GLANDS

'9.8+.72  _ 0.6%.11 O 47.3%.64

.+ STEERS. 10.

pe.99a  p=.499 p=.013 %

",* When analyzed as adrenal gland we1ght

per kg of body: welght, the dlfference is

)

nOn—s;gnlﬁlcant }p—0.382).,_ - R :
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